1. Introduction
===============

Hepatitis C virus (HCV) is a highly persistent human pathogen. It has been estimated that 180 million people are infected by this pathogen worldwide, and it can cause chronic liver disease that progresses to liver failure and/or cancer ([@b1-epj-08-1994]). Treatment of patients with chronic hepatitis C with pegylated interferon (PEG-IFN) and ribavirin achieves overall sustained virologic response rates of approximately 55% ([@b2-epj-08-1994]). Recently, strategies for treating HCV infection have been improved by newly discovered direct antiviral agents (DAAs), which inhibit viral enzymes (e.g., protease and polymerase inhibitors) ([@b1-epj-08-1994], [@b3-epj-08-1994]). The current standard therapy for CHC is triple therapy with pegylated IFN, ribavirin, and one of the HCV protease or polymerase inhibitors. Therefore, even in the presence of DAAs, interferon (IFN) still will remain as the backbone for the combination therapy. This is due to the fact that viral-resistant mutants emerge rapidly if DAA is used alone ([@b3-epj-08-1994]). MicroRNAs are small, endogenous, non-coding, \~22 nucleotide-long RNAs that regulate gene expression at post transcription of the mRNA or suppression of protein translation upon binding to the 3′untranslated regions (UTRs) of an mRNA ([@b4-epj-08-1994]--[@b6-epj-08-1994]). The expression of miRNAs is strictly limited to specific organs and tissues. MiRNA-122, for example, is only abundantly expressed in the liver and has not been detected in other tissues ([@b7-epj-08-1994]--[@b9-epj-08-1994]). Also, progression of hepatic fibrosis was shown to be significantly correlated with over-expression of miRNA-199 ([@b10-epj-08-1994]). Previous studies also demonstrated that miRNAs levels differ depending on the patient's response to the drug. So, due to the fact that almost of half of the patients fail to respond to IFN-based therapy, patients would benefit from a prognostic tool to predict the likelihood of a response to the treatment prior to the administration of the combination therapy, or at least soon after beginning the therapy, thereby reducing the incidence of ineffective treatments ([@b3-epj-08-1994], [@b11-epj-08-1994]). Changes in circulating miRNA profiles may be considered potential biomarkers because of their stability in body fluids, sensitive detection by quantitative PCR, and non-invasiveness in obtaining samples of body fluid ([@b12-epj-08-1994]). In this study, we selected five miRNAs, i.e., miRNA-122a, miRNA-199, miRNA-192, miRNA-30, and miRNA-128, to investigate their levels in the serum of patients with CHC treated with PEG-IFN and ribavirin to determine the role of miRNAs in association with the drug response and to hence to predict the likelihood of a positive response to the treatment prior to the initiation of the therapy.

2. Material and Methods
=======================

2.1. Study Design
-----------------

This study was conducted on patients with hepatitis C virus infection coming to the out-patient clinic of Hepato-Gastroenterology at Theodor Bilharz Research Institute (TBRI). The local institutional review board at the Institute approved this study, and all individuals gave written informed consent according to the ethical guidelines of the 1975 Declaration of Helsinki. None of them was co-infected with HIV or hepatitis B virus (HBV). The study included 60 patients who had chronic HCV infection and were eligible for interferon-based treatment plus ribavirin therapy. Of the 60 patients, 25 were responders (one half year after negativity of HCV-RNA-PCR after end of treatment), and 35 were non-responders (persistence of HCV-RNA-PCR in spite of IFN therapy for at least three months). The control group consisted of 20 healthy people, and blood samples were collected before and after treatment.

2.2. Laboratory investigations
------------------------------

We conducted liver function tests and serologic diagnosis of viral hepatitis to determine whether the patients had chronic HCV infections. It was determined that the cases included in the study had reactive anti-HCV antibodies for more than six months (using Murex enzyme immunoassay kit, Dartford, England); a positive HCV-RNA by PCR; absence of other CLD as hepatitis B (defined as negative reaction to HBV surface antigen and HBV core antibody), autoimmune hepatitis (negative reaction to anti-nuclear, anti-smooth muscle, anti-mitochondrial and anti-liver-kidney microsomal antibodies), schistosomiasis mansoni (no previous history and negative stool examination); no previous history of regular use of hepato-toxic drugs or alcohol abuse. We also excluded patients who had been treated earlier for hepatitis C. Past medical records, pathology reports, and personal interviews were used to acquire data on all the subjects. We collected extensive data, including age, gender, serum albumin (ALB) level, total bilirubin level (T-Bil), and alanine aminotransferase (ALT) level.

2.3. Methods
------------

All patients received 24 weeks of antiviral therapy consisting of orally administered ribavirin and subcutaneous infusion with pegylated IFN-α, both of which were weight-based. All of the responders completed 48 weeks of treatment. However, the non-responders stopped the treatment at 24 weeks. So, for comparative reasons, analyses for both groups were conducted after 24 weeks of treatment. The diagnosis of HCV infection was based on clinical features, laboratory tests, and liver biopsies. Full medical history, clinical examination, laboratory investigations, and abdominal ultrasonography were performed for all patients at the beginning of treatment. Blood and plasma samples were collected at the start of treatment (0 day) and at 12 and 24 weeks of treatment. According to the response of the HCV patients to peg IFN α plus ribavirin therapy, the patients were classified into two groups, and 32 patients were responders to treatment (sustained virologic response) with PCR for HCV RNA was negative after three months of treatment and also six months after the treatment had ended. Twenty-seven patients were non-responders to the treatment (non-sustained virological response) with persistence of positivity of HCV-RNA-PCR after three months of treatment.

2.4. Serum Preparation and RNA Extraction
-----------------------------------------

The blood samples were centrifuged at 1600 rpm for 5 min, and the serum was aliquoted into 1.7-ml Eppendorf tubes. This was followed by high-speed centrifugation at 12,000 rpm for 15 minutes to completely remove cell debris and leave only circulating RNA. In order to isolate the RNA from the serum, 250 μl of the serum were homogenized in 750 μl of Trizol LS (Invitrogen). Then, 200 μl of chloroform were added to the sample, and the solution was mixed and then centrifuged. After another chloroform extraction followed by precipitation with isopropanol, the pellet was washed twice by centrifugation with 70% ethanol. Then, the pellet was dried for 10 min at room temperature and dissolved in 30 μl of diethylpyrocarbonate (DEPC)-treated water. DNase treatment (Qiagen) was conducted to remove any DNA that could contaminate the sample. The concentration and quality of RNA were measured by UV absorbance at 260 nm and 280 nm (A260/280 ratio), and they were individually checked by gel electrophoresis. In this way, 1 ml of serum was used to produce 600 ng of RNA.

2.5. Assessment of HCV-4 RNA loads by Real-time PCR
---------------------------------------------------

After RNA was extracted from the serum using a Qiagen Viral RNA Kit (Hilden, Germany), viral loads were measured by the real-time, reverse transcription polymerase chain reaction (qRT-PCR) using a light Cycler system (Roche Diagnostics GmbH, Mannheim, Germany). Amplification primers for HCV were 5′ primer K78F (CAAGCACCCTATCAGGCAGT) and 3′primer K80R (AGCGTCTAGCCATGGCGT). The product was detected by 3′and LC5′ (CCCGGGAGAGCCATAGTGGTCTG) 3′. Before treatment, the HCV-RNA in the serum was measured, and it was re-measured routinely at 24 and 48 weeks after treatment. The results of the measurements were graded as low, moderate, and high levels.

2.6. Reverse Transcription (RT) and Quantitative PCR (qPCR)
-----------------------------------------------------------

RT and qPCR kits made specifically for accurate miRNA analysis (Applied Biosystems) were used to evaluate expression of the chosen miRNAs, i.e., miR-122, miR-199, miR-192, miR-30, and miR-128, from the serum samples. The miRNA-16 was used as the endogenous control. The 15-μL RT reactions were performed using a TaqMan® microRNA Reverse Transcription Kit (Applied Biosystems, USA), incubated for 30 min at 16 °C, 30 min at 42 °C, and 5 min at 85 °C. Then they were maintained at 4 °C. For real-time PCR, 1.33 μL of the diluted RT products were mixed with 10 μL of 2× Taqman PCR master mixture (No AmpErase UNG), 1 μL of the TaqMan MicroRNA Assay, and 7.67 μL of the Nuclease-free water, making a final volume of 20 μL based on the manufacturer's instructions. All reactions were run on the ABI 7300 (Applied Biosystems, USA) using the following conditions: 95 °C for 10 min, followed by 40 cycles at 95 °C for 15 s, and 60 °C for 1 min. Real-time PCR was done in triplicate, including no-template controls. Relative expression of miRNA was calculated using the comparative cycle threshold (CT) (2^−ΔΔCT^) method with miRNA-16 as the endogenous control to normalize the data. CT was defined as the number of cycles required for the FAM signal to cross the threshold in the real-time PCR. ΔCT was calculated by subtracting the CT values of miR-16 from the CT values of the chosen miRNA. Then, ΔΔCT was calculated by subtracting the mean ΔCT of the control samples from the ΔCT of the tested samples. Fold change of miRNA was calculated by equation 2^−ΔΔCT^.

2.7. Statistical analysis
-------------------------

The data were expressed as mean ± standard error or percentage (%). Comparison between the mean values of different parameters in the two groups was performed using the unpaired t-test. Comparison between categorical data was performed using the chi-squared test. The SPSS software program was used to analyze the data, and p-values less than or equal to 0.05 were considered significant; values \< 0.01 were considered to be highly significant.

3. Results
==========

The laboratory investigation showed that there was a highly significant difference in the non-responders group compared to the responders group (p\<0.01) in terms of ALT and AST activities. However, the other biochemical findings showed no significant difference between the two groups. Laboratory data of the cases are presented in [Table 1](#t1-epj-08-1994){ref-type="table"}.

MicroRNAs expression level in patients before treatment showed significant increase in expression of miR-122 in the responders group (p \< 0.01) with no significant difference in the other miRNAs between the two groups ([Figure 1](#f1-epj-08-1994){ref-type="fig"}). MicoRNAs expression levels in patients after 12 weeks of treatment with PEG-IFN/RBV showed a significant increase in expression of miR-122 in the responders group (p \< 0.01) and a significant increase in miRNAs in the responders and non-responders groups compared to before treatment (p \< 0.01) ([Figure 2](#f2-epj-08-1994){ref-type="fig"}).

The other miRNAs expression showed no significant difference between responders and non-responders groups. MiRNAs expression levels in patients after 24 weeks of treatment showed a significant increase in miR-122 in responders group (p \< 0.01) compared to the non-responders group (p \< 0.01) and compared to the before treatment group. However, the expression of the other miRNAs showed no significant difference between the responder and non-responder groups ([Figure 3](#f3-epj-08-1994){ref-type="fig"}).

4. Discussion and Conclusions
=============================

Current standard IFN-RBV therapy against HCV is known to be effective in only 50% of infected patients ([@b6-epj-08-1994]). Recently, DAAs were added to PEG-IFN/RBV, leading to higher sustained response, considering that the trace amount of HCV RNA from successfully treated patients can be infectious ([@b1-epj-08-1994], [@b6-epj-08-1994]). Several miRNAs participated in the control of HCV infection and are differently regulated by interferon treatment, suggesting a different host response to both HCV and IFN-treatment ([@b6-epj-08-1994], [@b8-epj-08-1994], [@b13-epj-08-1994], [@b14-epj-08-1994]). In this study, we measured the expression of five miRNAs, i.e., miR-122, miR-199, miR-192, miR-128, and miR-30, in the serum of HCV patients who responded or did not respond to PEG-IFN/RBV treatment 12 and 24 weeks after the beginning of the treatment. Previous studies confirmed that the expression of these miRNAs is altered upon treatment with interferon and, at the same time, they directly modulate the IFN-mediated antiviral response ([@b13-epj-08-1994]--[@b16-epj-08-1994]). MiR-122 represents the most abundant liver-miRNA, and it has an anti-inflammatory role in the liver ([@b16-epj-08-1994]). The serum level of miR-122 has a positive correlation with hepatic miR-122 expression ([@b17-epj-08-1994]). Also, miR-128 and miR-199 were expressed in hepatitis C-derived myofibroblasts ([@b18-epj-08-1994]). MiR-199 has been reported to interact directly with HCV genome and upon binding to HCV genome and upon binding to HCV RNA, it inhibits HCV replication ([@b1-epj-08-1994], [@b19-epj-08-1994], [@b20-epj-08-1994]). The inhibition of miR-30 increased the level of HCV RNA by creating a permissive environment of viral replication and this "pro-viral effect is diminished with addition of IFN-α as a treatment ([@b14-epj-08-1994]). In contrast, it was observed that miR-192 is capable of enhancing HCV replication, and it was observed in the serum of patients with chronic hepatitis C ([@b20-epj-08-1994]).

This study demonstrated that liver-specific micro RNA miR-122 was up-regulated in the responders group after 12 and 24 weeks of treatment, and it also was highly expressed in the responders group even before treatment. However, other miRNAs (miR-138, miR-192, miR-199, miR-30) showed no significant difference in the responders and non-responders groups after treatment or before treatment. Previous studies has shown that expression levels of these miRNAs were significantly different in the responders and non-responders groups, suggesting that the expression pattern of these hepatic miRNA was associated with therapeutic outcome in the treated patients ([@b13-epj-08-1994], [@b20-epj-08-1994]). The expression level of miR-122 was reportedly associated with early response to IFN treatment, and it was found to be markedly decreased to pre-treatment miR-122 levels in patients who had no virological response during IFN therapy ([@b3-epj-08-1994], [@b6-epj-08-1994], [@b11-epj-08-1994], [@b13-epj-08-1994], [@b17-epj-08-1994], [@b20-epj-08-1994]--[@b22-epj-08-1994]). A recent study found that interferon stimulated gene (ISG) is an miR-122 target and reduced induction of ISG during peg IFN/RBV treatment was found to be associated with poor virologic responses ([@b17-epj-08-1994], [@b21-epj-08-1994]). It also was hypothesized that the non-responders may have a higher expression of ISG, which down-regulates hepatic miR-122 and thus leads to a low level of serum miR-122 ([@b17-epj-08-1994], [@b21-epj-08-1994]). Another study demonstrated that miR-122 is known to be a positive cofactor in HCV replication ([@b11-epj-08-1994]) and within the UTRs of HCV RNA, three highly conserved miR-122 recognition elements exist with two in the 5′UTR and one in the 3′UTR. The 3′UTR site appears to have no role in the stimulation of viral replication or translation ([@b23-epj-08-1994]). So, it may be during treatment with IFN/RBV responders' patients, miR-122 bind to 3′UTR which impairs HCV RNA replication and translation ([@b20-epj-08-1994], [@b23-epj-08-1994]). Our conclusion is in agreement with Su et al. ([@b17-epj-08-1994]) and Motawi et al. ([@b11-epj-08-1994]), who suggested that higher pretreatment serum miR-122 levels might predict favorable virological responses to PEG-IFN/RBV therapy in patients with HCV.
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Biochemical findings measured before and during treatment for all patients

  Variables                 NR (n= 25)      R (n= 25)       p-value
  ------------------------- --------------- --------------- ---------
  ALT (U/L)                 47.64 ± 28.71   23.16 ± 11.60   0.001
  AST (U/L)                 47.76 ± 30.21   23.04 ± 10.59   0.001
  Total Protein (g/dL)      7.79 ± 0.48     7.73 ± 0.57     0.689
  Albumin (g/dL)            4.06 ± 0.46     3.94 ± 0.33     0.290
  Total bilirubin(mg/dL)    0.95 ± 0.85     0.84 ± 0.38     0.550
  Direct bilirubin(mg/dL)   0.32 ± 0.30     0.41 ± 0.22     0.220
  AFP(U/ml)                 7.80 ± 11.69    6.78 ± 4.89     0.687
  Createnin (mg/dL)         0.91 ± 0.13     1.01 ± 0.26     0.105
  Urea (mg/dL)              25.44 ± 7.74    25.96 ± 9.07    0.828

Data are expressed as mean ± SD, ALT: Alanine amino transferase, AST: Aspartate amino transferase, AFP: *Alpha* feto protein, Normal range for albumin is 3.5--5 g/dL, Normal range for ALT and AST is up to 40 UmL, Normal range for AFP is \< or = 20 U/ml.
